cacodylate buffer and 3% sucrose (pH 7.2) at 4°C. Some tentacles were fixed overnight, whereas some were left in the primary fixative for 24 h during transportation (at 4°C) to EMURU. Individual tentacles were washed in 0.2 M sodium cacodylate buffer at 4°C then postfixed in 1% osmium tetroxide in 0.2 M sodium cacodylate buffer for 90 min at room temperature (21°C). After further washing in 0.2 M cacodylate buffer, tissues were dehydrated in a graded ethanol series and embedded in an Araldite/TAAB resin mixture via propylene oxide. Thin (1 μm) sections were stained with toluidine blue, and ultrathin sections (silver/gold interference colour) with uranyl acetate and lead citrate. All sections were cut with a diamond knife. Lightmicroscopic images were captured with an Olympus BX 40 microscope fitted with a DP72 digital camera, and electronmicroscopic sections were viewed with a Zeiss Libra 120 TEM at 120 kV.
The retina of all species examined has a single layer of cells that is composed of two types of columnar cell: pigment cells (which are the most abundant) that surround nonpigmented cells (Figs 1, 2) . Because the ultrastructure of each cell type is similar in all species, only a single description is given below.
The pigment cells are characterized by a basal oval nucleus (5 × 2 μm) with peripheral heterochromatin and a prominent nucleolus (Fig. 1E) . The cytoplasm adjacent to the nucleus does not contain an abundance of organelles. A few mitochondria are present, together with some endoplasmic reticulum and bundles of tonofilaments (Fig. 1E, H) . Some of the tonofilaments extend to the basal cell membrane, where they are inserted into hemidesmosomes (not illustrated). Most of the cytoplasm between the basal nucleus and apical cell membrane, however, contains an abundance of membrane-bound, electron-dense pigment granules (Fig. 1C, F ) that are 0.5-0.8 μm in diameter. At the apical end of the pigment cells, the plasma membrane is elaborated into numerous densely packed, elongate (10-15 μm long), microvilli that contain microfilaments extending into the cytoplasm (Fig. 1A, C, D) . The apical cytoplasm also contains a few small multivesicular bodies (maximum diameter 200 nm; Fig. 1D ). The pigment cells are joined to adjacent cells apically by 'zonulae adherentes' (spot desmosomes) (Fig. 1D) .
Based on their ultrastructure, only one morphotype of nonpigmented cell has been distinguished. The nucleus of the nonpigmented cell type is located basally, is usually irregular in shape, and can be distinguished from that of the pigment cell because the chromatin is more granular in appearance and the heterochromatin not as electron-dense (Fig. 1G ). The cytoplasm close to the nucleus contains well developed Golgi bodies with numerous associated vesicles, some endoplasmic reticulum and elongate mitochondria with short cristae (Fig. 1H) . In most of these cells the cytoplasm is filled with small (70-80 nm diameter) densely packed vesicles ( Fig. 1H ) similar to the photic vesicles described for other invertebrates (Eakin, 1990) . In addition, the cytoplasm also contains large multivesicular bodies as well as large vesicles (up to 1.5 μm diameter) with a heterogeneous content (Fig. 1G , upper Higher magnification of apical region of adjacent pigment (pc) and sensory (sc) cells of S. natalensis, attached by a desmosome (arrowed). Note microfilaments (mf) within cytoplasm and microvilli of pigment cell, and the multivesicular body (mvb). Sensory cell has numerous photic vesicles (pv) in cytoplasm as well as cilia (ci). E. Basal region of pigment cells of S. natalensis showing nuclei (n) with peripheral heterochromatin and a nucleolus. Mitochondria (m) and tonofilaments (tf) can be seen in cytoplasm. F. Pigment granules and mitochondria (arrowed) in cytoplasm of a pigment cell. G. Basal region of sensory cell of S. natalensis showing nucleus (n) with scattered chromatin, and cytoplasm with mitochondria (m) and vesicles with a heterogeneous content (hv). Upper inset is a higher magnification of one of the heterogeneous vesicles. Lower inset shows a multivesicular body, also seen often in the cytoplasm. Note adjacent basal portion of a pigment cell. H. Section through sensory cell of Cymbula miniata showing a well developed Golgi complex (g), the cytoplasm packed with small photic vesicles (pv) and some mitochondria (m) with short cristae. Some tonofilaments (tf) can be seen in an adjacent pigment cell. Inset shows an elongated mitochondrion surrounded by photic vesicles. Scale bars: A = 25 μm; B = 20 μm; C = 5 μm; D-F,H, H inset = 1 μm; G = 2 μm; C inset, G upper inset = 0.5 μm; G lower inset = 100 nm. and lower insets). At the apical ends of the nonpigmented cells there are elongate (10 μm) microvilli and a few cilia (Fig. 1D) . Based on their ultrastructure, we believe these cells to be photosensory cells. However, molecular studies would be required to determine whether there is more than one functional type of photoreceptor cell.
The results from our study suggest that the retina of patellogastropods is conservative in structure. In all species from the three families investigated the retina was composed of two cell types, a pigmented support cell and a light-sensitive cell, both of which bear numerous elongate microvilli (Fig. 2) . This structure is typical of the rhabdomeric receptors of many other gastropod eyes. The retention of rhabdom-like microvilli by the pigment cells has also been reported for polychaetes (see Arendt et al., 2009 , for literature). Arendt et al. (2009) in their 'division of labour' model of eye evolution hypothesized that the microvilli of these cells reflect vestiges of an ancestral multifunctional cell type from which the different cell types now present in eyes have evolved. It is therefore possible that the pigmented cells of limpet retinas have some photosensory function.
The finding that there are two cell types in the limpet eye supports the light-microscopic results of authors including Hilger (1885), Davis & Fleure (1903) and Fretter & Graham (1994) , and not the findings of Fraisse (1881) and Marshall & Hodgson (1990) or interpretation of Arendt et al. (2009) -who reported the presence of only one cell type, a combined photoreceptor/shading pigment cell (PRC/SPC). While Davis & Fleure (1903) , Fretter & Graham (1994) and Marshall & Hodgson (1990) did not report any cilia associated with the retinal cells, Arendt et al. (2009: fig. 4b ) illustrated each PRC/SPC cell with a cilium. In our study we found that only the sensory cells possess cilia in among the microvilli, although we were not able to determine the length of the cilia. The presence of a few cilia in rhabdomeric retinal cells was reported by Eakin (1979) and has also been documented in some adult gastropod species (e.g. Eakin et al., 1967; Mayes & Hermans, 1973; Brandenburger, 1975; Hughes, 1976; Gillary & Gillary, 1979; Herman & Strumwasser, 1984; Katagiri et al., 1995; Blumer, 1996; Zhukov et al., 2006) as well as larval and adult polychaetes (Arendt et al., 2009) . Some authors have classified photoreceptor cells with both cilia and microvilli as a 'mixed type' of receptor (e.g. Blumer, 1996; Zhukov et al., 2006) . Whether these incidental cilia are light sensitive has yet to be determined, although Blumer (1996) and Zhukov et al. (2006) suggested that it was likely that the cilia and microvilli both play a role in photoreception in the caenogastropods Aporrhais pespelecani and Viviparus viviparus, respectively. Arendt et al. (2009) proposed that the few cilia of photoreceptor cells are vestigial and cited this as further evidence of the evolution of functionally distinct retinal cells from an ancestral, ciliated, multifunctional cell.
The cytoplasmic organelles of the pigmented support cells (e.g. tonofilaments, pigment granules) and sensory cells (e.g. well developed Golgi bodies, numerous types of vesicles) are similar to those described for retinal cells of other gastropods (e.g. Meyer-Rochow & Bobkova, 2001) . Of note within the cytoplasm of the sensory cells are the densely packed photic vesicles that are similar in size to those of other gastropods (see Eakin, 1990; Meyer-Rochow & Bobkova, 2001 ). These vesicles are thought to arise from Golgi bodies and contain photosensitive pigment and calcium (Eakin, 1990) . Eakin (1990) suggested that the photic vesicles transport the photopigment to the apical microvilli of the sensory cells, the membranes of which are broken down during the photoresponse. Eakin (1990) further proposed that the photopigment was recycled, being recovered by the retinal cells by pinocytosis and the action of lysosomes. The presence of large vesicles, with a heterogeneous content, that resemble lysosomes within the sensory cells supports this hypothesis, but we did not see any evidence of pinocytosis.
In conclusion, our reinvestigation of the structure of the retina of the patellogastropod eye confirms that, while it is one of the simplest gastropod eyes, as in other gastropod taxa the retina is composed of two cell types (pigmented and sensory, both of which bear microvilli) and that only the sensory cells bear cilia.
